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Introduction

Nanoparticles are materials ranging in size from about 1 to 100 nanometers
but most often refer to discrete particles below 50 nm 1n size. The proposed
changes i physical properties expected for materials in this size regime drive
the research interest in these materials.

*A nanometer ig to a meter what a dime is to the planet earth

Nanoparticles of noble metals have been used for hundreds of years (ie.,
stained glass used Au nanoparticles as a red coloring agent in the Middle
ages). However, only recently has there been a concerted effort to synthesize
a wide range of nanomaterials with controlled properties (1. e., size, shape,
composition).

General Synthesis of Nanoparticles

A general scheme of how nanoparticles are currently synthesized 1s shown
below. In this process a precursor solution 1s injected into a hot solution that
contains the coordinating solvent This yields a supersaturated solution and at
high enough concentrations a nucleation shower occurs forming crystals.
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If allowed to heat at this temperature, La Mer growth may occur yielding
larger particles. Therefore, the time and temperature of these reactions are
closely monitored and critical in the formation of crystalline monodispersed
species. The precipitate 1s collected by centrifugation and washed to remove
cxcess surfactant after the reaction 1s complete.

Single-Source Ceramic Nanoparticles
While there is an abundance of literature on ceramic nanoparticles, but there
are very few reports available for complex oxide nano species. Due to the
widespread electronic applications of ceramic materials, investigation of
multi-cationic ceramic nanoparticles are of current interest for the
development of smaller devices and mvestigation of the fundamental physical
properties.

Single-source precursors will be of much more utility for nano-production
than for sol-gel techniques due to the rapid decomposition of the starting
materials for nanomaterials synthesis. If the proper precursors can be
developed the stoichometry will be built into the molecules which are often
rapidly converted to the nanoparticles. Further, a uniform decomposition 1s
more likely to occur since it 1s a single molecule, forcing a homogenous
product. Metal alkoxides are of interest as precursors due to their low
conversion temperatures, low carbon contamination, and relative ease of
modification. However, controlled construction of mixed metal alkoxides
have not been realized. We discuss the synthesis of several novel metal
alkoxides and their utility in a novel thermal decomposition route that we
have recently developed.
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Homonuclear Ceramic Nanoparticles
TiO, nanoparticles were successfully generated using a
Melm/H,O solution route. Useful for photocatalytic
decomposition of organic species.
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ZnO has numerous clectronic applications. Investigation of precursor
construction on final morphology using the Melm/H,O solution route revealed
little control could be garnered through this approach.
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Characterization of Nanoparticles

XRD of nanoparticles
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precursor and then
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indicates that the
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amorphous.

XRD of  nanoparticles
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For both systems
TEM images indicate
that  nano-particles
were formed and
XPS indicates that
mixed cation
present  for
sample.
Clustering of the
particles 1s occurring.
Possibly stronger
surfactants than
Melm will be
necessary  to  fully
disperse these
particles.

Higher processing
temperatures will be
necessary  to  fully
crystallize these
species.
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The novel Ti-neo-pentoxide was
independently mixed with the Ba or
Sr neo-pentoxide precursor to

generate a mixed metal species.
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The individual precursors oligomerize
due to the low charge to size ratio
forming the mixed metal precursors.
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(Ba,Sr)T10, “Single-Source" Precursors

A great deal of mterest lies in the tunable dielectric material (Ba,Sr)T10; for microwave applications. Smaller highly crystalline material are of

Ba[Ti(i-(ONep)ONep);(py)ly*
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where M = Ba, Sr (shown).
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mnto numerous surfactants. Most ;,
formed nanoparticles but none ﬁf
proved to be crystalline. Shown 3:
arc the nanoparticles formed from :
a refluxing trioctylphosphine _ S }
oxide (TOPO) solution. BaTiO,

Nanoparticles were non-crystalline particles as determined by
XRD and TEM but were on the order of ~ 2 nm 1in size.
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We have developed a novglyg%g'ei}& %f},%'no%lgzg%’ggﬁ) ;::)lr g&;ﬁggg ’gogrghe production of LiCoQO, nanoparticles. Using the Melm/H,O route we attempstddiracterization of Nanoparticles

to generate nanoparticles 6t LiCoU5:

Using an amide-alcohol metathesis route, we developed a novel family of aryl
double aryloxide precursor for LiCoO,. Two of these were chosen to investigate

as precursor to nanoparticles and are shown below.

Co(NR,), + 2 LiNR, + 6 HOAr

—»

Co[Li(u-OAD,(py),l,

LiCoO, “Single-Source" Precursors'

For L1 10n batteries, LiCoO, 1s the cathode material of choice due to its high capacity (~ 130 m Ah/g). The higher the surface area the greater the
capacity that is expected, therefore, surface dominated nanoparticles are of interest.
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Dissolution of these precursors in pyridine followed by injection into refluxing

methyl imidazole/water (95:5) led to the formation of nanoparticles.

1. Boyle, TI, Bodriguez, MA; Ingerscll, D, Headley, TT, Bunge, 3D, Pedrotty, DM, De'Angeli, SW; Vick, 3C, Fan, H. (submitted to Chemaistry of Materials).

The Scherer formula s

grain is in the ~10-20 nm range while the g-axis has a much
larger dimension of ~60 -70 nm.

The XRD spectra indicate the formation of Co(OH), phase.

hows that the ¢-axis direction of the

The nanocrystals were ~ 60-70 nm in size with a disk
morphology. The nanocrystals have a large tendency to
aggregate, which is not unusual for nanocrystalline metal

ox/idz/

family of aryloxides from an alkyl-alcohol exchange route.

THF

Fe(mesityl), + ZLiNR, + 4 HOAr ——

| oPP

From this family of two were chosen to investigate as precursor to

| oMP_

nanoparticles and are shown below
Dissolution of these precursors in

pyridine followed by injection into
refluxing methyl imidazole/water
(95:5) led to the formation of a
precipitate which had both 1.1 and

Fe present.
with possible

oxide or spinel) phases.

XRD 1s consistent

LiFeO, (layered

LiFeO, “Single-Source" Precursors
LiFeO, 1s of recent interest for use an alternative cathode material
for L1 1on batteries. We synthesized and characterized a novel

Li,Fe(OAn(THF),

Summary and Conclusions

Characterization of Nanoparticles
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the hyperoligomerization of these species.

The nanocrystals were ~15-20 nm for the oPP and 15-35 nm for the
Both had disk and rod morphologies.
indicates Fe present but L1 1s difficult to detect.

oMP precursor.

alkoxides:

gel routes.
nanomaterials some of which are crystalline.
optimize system to obtain crystalline material.

shaped nanoparticles of Co(OH),.
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» We have synthesized and characterized a number of novel families of
homo- and hetero-geneous metal alkoxides based on the exploitation of

» We have developed a novel route of nanoparticle synthesis using
methylimidizole/H,O. Wherein the Melm is a high-boiling point, strong
Lewis base that acts as the surfactant and the water hydrolyzes the metal
(a) For monometallic ceramic species oxides and hydroxides have been
isolated. (1.e., TiO, (amorphous), ZnO (crystalline rods). Determined
precursor structure not as important in nanoparticle formation as for sol-
(b) Using single source Pb-M-alkoxides we have successfully generated

(¢) Synthesized both BaTiO; and SrTiO; nanoparticles, but need to

(d) Using LiCo-aryloxides we successfully generated crystalline, disk-

(¢) Formed nanoparticles from the
Li-Fe precursor was LiFeO, (spinel

B or layered oxide) phase.
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